ABSTRACT Introduction: Lateral epicondylitis, or "tennis elbow", is a relatively common disorder. Various therapeutic modalities have been tried in an attempt to manage the disorder but neither the conservative methods nor the surgical options have proved to be benefi cial so far. During the past decade in the USA and European countries and the past several years in Bulgaria, the shock wave therapy (focused and radial) has been introduced as a method of choice in the treatment of chronic tendynopathies. The AIM of the present study was to make quantitative assessment of the effect of radial shockwave therapy in patients with lateral epicondylitis. PATIENTS AND METHODS: The study included 16 patients with lateral epicondylitis (9 males, 7 females, mean age 47.2 ± 2.3 yrs) of mean duration of 15.06 ± 4.06 months. We used the BTL-5000 radial shockwave therapy equipment and performed 5 procedures (one per week). The total number of shocks was 2500, the pressure was 2 Bars: 1500 shocks of 5 Hz frequency followed by 500 shocks of 10 Hz frequency were applied locally on the lateral epicondyle and 500 shocks of 2 Bar pressure and 5 Hz frequency were applied along the muscles near the insertion. The patients were evaluated 5 times: before treatment, immediately after the end of treatment and at 3, 6 and 12 months of follow-up. Pain was assessed at rest, on palpation and by the Thomsen test using a visual analogue scale (VAS). The patient-rated tennis elbow evaluation (PRTEE) questionnaire was used to assess the patients' pain, functional condition and limitations in performing specifi c activities, as well as for the overall self evaluation. RESULTS: We found signifi cant difference (p < 0.05) between the mean pain scores (at rest, on palpation and by Thomsen test) before treatment and these scores obtained immediately after treatment, the decrease sustained at 3, 6 and 12 months. VAS showed decrease from 3.75 ± 0.49 before therapy to 2.44 ± 0.39 after treatment, to 1.94 ± 0.46 at 3 months and to 0.69 ± 0.38 at one year at rest, from 7.44 ± 0.38 before therapy to 4.69 ± 0.51 after treatment, to 3.56 ± 0.40 at 3 months and 1.46 ± 0.56 at one year at palpation, and from 5.87 ± 0.46 before therapy to 3.5 ± 0.29 after it, to 2.5 ± 0.40 at 3 months and 1 ± 0.38 at one year in the Thomsen test. The pain, function and the total score as assessed on the patient-rated scale (PRTEE) also showed statistically signifi cant improvement (p < 0.05) after completion of therapy and over the whole follow-up. Total score decreased from 56.75 ± 2.34 before therapy to 39.38 ± 3.96 after treatment, to 27.53 ± 3.7 at 3 months and to 13.69 ± 4.48 at one year. CONCLUSION: Based on the results of this preliminary study we could recommend the radial shock wave therapy in the treatment of lateral epicondylitis of more than 6 months' duration if the condition is recalcitrant to other conservative methods of treatment.
INTRODUCTION
Lateral epicondylitis, or so called "tennis elbow", is a relatively common disorder with a prevalence rate of 1-3%. It is characterized by pain and tenderness over the lateral epicondyle of the humerus and pain on resisted dorsifl exion of the wrist. It peaks in prevalence between the ages of 40 and 50; between 30 and 60 years of age the prevalence can be as great as 19%. [1] [2] [3] The condition affects men and women equally, but some authors have reported more severe and prolonged course of the disorder in women. The etiology and pathogenesis of the disorder still remain unclear, although polyetiological genesis is assumed implicating many predisposing factors such as age, chemical, vascular, hormonal and hereditary factors. Most frequently the disorder is a result of over-exertion and muscle imbalance. Histological studies point to a degenerative process rather than infl ammation at the origin of the extensor carpi radialis brevis muscle. 4, 5 Although the condition is generally referred to as "tennis elbow", tennis causes the disorder in only 5% of all cases. 6 It tends to occur in subjects whose occupation or activities are associated with excessive, repetitive, monotonous movements of the wrist beyond the neutral position.
Lateral epicondylitis is relatively easy to diagnose but hard to manage. Various therapies have been advocated but none (both conservative and surgical modalities) have proved to be consistently effective. Reviewing the results of a number of research studies Johnson et al. draws the conclusion that the following interventions are probably helpful for lateral epicondylitis: watchful waiting, topical NSAIDs, corticosteroid injections (with a short-term effect), kinesitherapy, iontophoresis with NSAIDs and ultrasound therapy. 7 The following interventions are possibly helpful: oral NSAIDs, tennis elbow braces, topical glyceryl trinitrate, acupuncture, botulinum toxin type A injection and surgical treatment. Laser therapy has been found to be dubiously effective. 7 The availability of such a great number of methods of treatment suggests that the optimal therapeutic behaviour for lateral epicondylitis has not been found yet which necessitates further research into it looking for new modern methods.
During the past decade in the USA and European countries and the past several years in Bulgaria, the shockwave therapy (focused and radial) has been introduced as a method of choice in the treatment of chronic tendynopathies. Extracorporeal shock wave therapy (ESWT) is a relatively new therapeutic modality which uses high-energy sound waves with a steep pressure rise (0.01 μs), short duration (10 μs) and high peak pressure (> 500 Bar or 100 MPa). The generators producing focused shock waves are based on electrohydraulic, electromagnetic or piezoelectric principle. The different studies on the effect of extracorporeal shock wave therapy in the treatment of lateral epicondylitis have demonstrated contradictory results. 8 Recently radial shock wave therapy (RSWT) has become popular for the treatment of insertionites and different tendinopathies such as tennis elbow, plantar fasciitis and calcifying tendonitis of the shoulder. In radial shock wave therapy the shock waves are generated on a pneumatic principle. They are propagated radially, as the focal point of energy is achieved on the top of the applicator and it decreases when penetrates in depth (up to 3 cm), which is in contrast to focused extracorporeal shockwave therapy in which the focal point of energy is centred in the target zone. The peak pressure in RSWT is lower than that in focused ESWT -0.1-1 MPa. Radial shock waves have longer rise time (50 μs) and duration (200-2000 μs). 9 Radial shock wave therapy can be compared to low-energy and medium-energy focused extracorporeal shock wave therapy with energy density (fEFD) respectivelyup to 0.08 mJ/mm 2 and up to 0.28 mJ/mm 2 . As the application of high energy shock waves results in different soft tissue damages as demonstrated by experimental studies in animals, low-and mediumenergy impacts are recommended in the treatment of tendinopathies in humans. 10 We therefore can assume that radial shock wave therapy could be effi cient in the treatment of tennis elbow.
AIM
The aim of the present study was to make quantitative assessment of the effect of radial shock wave therapy in patients with lateral epicondylitis.
PATIENTS AND METHODS
The study included 16 patients with lateral epicondylitis (9 men, 7 women, mean age -47.2 ± 2.3 yrs) of mean duration of 15.06 ± 4.06 months (range 6 to 36 months).
Inclusion criteria were: more than 6 months' duration, failed previous conservative treatment that included NSAIDs, physical therapy, local corticosteroid injections and orthopedic braces. Patients were excluded if they had a history of coagulation status disorders, inflammation and malignancy, were younger than 18 years, were pregnant, had a pacemaker implanted, and if they had received local corticosteroid injections within the previous 6 weeks.
The patients were haphazardly enrolled in the study when they actively requested medical treatment because of long-term complaints, with already specifi ed diagnosis of lateral epicondylitis and failure of the conservative treatment. 
THERAPEUTIC METHODOLOGY
We used a BTL-5000 equipment for radial shockwave therapy that works on a pneumatic principle. An air pressure-accelerated projectile hits the applicator placed on the skin. We applied 5 procedures, one procedure per week. The total number of impulses was 2500, the pressure was 2 Bars: 1500 impulses of 5 Hz frequency followed by 500 impulses of 10 Hz frequency were applied locally on the lateral epicondyle and 500 impulses of 2-Bar pressure and 5-Hz frequency were applied along the muscles, near the insertion.
FOLLOW-UP METHODS
The patients were evaluated 5 times: before treatment, immediately after the end of treatment, 3 months, 6 months and 12 months after the end of treatment.
We used a visual analogue scale to assess the pain at rest, on palpation and at resisted wrist extension (Thomsen test); the visual analogue scale ranged from 0 (no pain) to 10 (maximal pain). Thomsen test was performed at a starting position, the hand fl exed up to 60° at the shoulder joint, the elbow extended and the wrist extended at 30°. Function was assessed using the "patient-rated tennis elbow evaluation" (PRTEE) questionnaire which includes a pain scale of 5 items to quantify pain at various movements and a function scale (evaluation of the limitations in functional activity -6 items to rate the amount of diffi culty in performing specifi c activities and 4 items -for some usual activities). The best result for a total score was 0; the worst result was 100, e.g. higher score indicates stronger pain and functional disability. 11 STATISTICAL ANALYSIS AND STUDY DESIGN The statistical analysis was performed using SPSS v. 13 and MS EXCEL: analysis of frequency distributions, descriptive statistics and Student's t-test to prove that therapy has an effect, the level of the error was p ≤ 0.05.
RESULTS
The analysis of the results showed statistically signifi cant differences between the mean scores of pain evaluation (at rest, on palpation and at Thomsen test) before treatment and the mean scores after therapy was completed. The same fi nding concerned the mean scores of pain assessment (at rest, on palpation and at Thomsen test) which were calculated at 3, 6 and 12 months after completion of therapy. Statistically signifi cant difference was not found between the status immediately after treatment and the mean pain scores at 3 months after treatment, although the mean values of pain were lower at three months compared to the results immediately after the end of therapy. The mean scores of pain at different moments of study sample assessment are shown in Table 1 and Fig. 1 .
Analysis of the results for pain scores on the patient-report scale also demonstrated statistically signifi cant difference between pain scores before treatment (29.19 ± 1.2) and the pain scores after administration of radial shock wave therapy (19.56 ± 2.05). The improvement (lower mean scores) was sustained at 3, 6 and 12 months of follow-up study.
Signifi cant differences were found between the mean function scores on the patient-report scale immediately after completion of treatment and the scores at baseline. Improvement (absence of diffi culties) was found in the performance of specifi c activities and in the performance of certain everyday activities (PRTEE). The t-test demonstrated statistically signifi cant differences over the whole period of follow-up (3, 6, and 12 months). The total score that summarises the results for pain score and function score on the scale also demonstrated statistically signifi cant difference between values immediately after treatment and those before the treatment. The demonstrated benefi cial therapeutic effect -post-treatment improvement vs. baseline status -was sustained throughout the follow-up study. The results are presented in Table 2 and Fig. 2 .
DISCUSSION
Lateral epicondylitis is managed predominantly conservatively with surgical interventions necessary only in 7.3% of all cases. The existing conservative methods of treatment, however, are not entirely effective. The focused extracorporeal shock wave therapy is promising, although there have been research studies that report contradictory results. Some researchers report dubious results as to the effi ciency of this method when compared with results in a placebo group. [12] [13] [14] [15] These studies, however, have certain 12 Speed et al. applied moderately strong dose shock wave therapy administered once a month for three months. 13 Chung administered ESWT in patients, who had not been treated previously by any other modality, at a relatively acute stage of the disorder and had a shorter follow-up study. 15 Other authors reported signifi cant improvement in relation to pain and functional activity in patients who had received focused extracorporeal shock wave therapy in comparison with a control group, the effect being sustained over a more extended follow-up. [16] [17] [18] Different protocols were applied in those studies: low-and medium-energy shock waves; one procedure monthly, one procedure weekly; with and without anesthesia. The applied dose was also of great importance as it has already been demonstrated that the effect of treatment depends on it. 18 The radial shock wave therapy as administered herein has its advantages as it is comparable with low-intensity focused extracorporeal shock wave therapy and makes it possible on the basis of patient's feedback to localize the therapeutic procedure on the most painful zone, because it is not necessary to apply local anesthesia. This can explain the advantages and the positive effect of the treatment in our study, which is consistent with that reported by Petrone et al., who used low-intensity focused shock wave therapy without local anesthesia. 16 In the available literature, Spacca et al. are the only researchers that investigate the effect of radial shock wave therapy in patients with lateral epicondylitis. The authors reported results which are similar to the results of our study -improvement in relation to pain and functional activity which were preserved for 6 months after treatment completed. 19 In our study we followed up the therapeutic effect for 1 year; our study protocol was different, too -we administered radial shock wave therapy once a week for 5 weeks. The fact that most of our patients had complaints for more than 10 months with no improvement or had only a temporary effect as a result of other conservative methods they received, excludes the possibility of spontaneous recovery with time as observed by other researchers.
The modern scale for self assessment (PRTEE) we used allowed us to assess more particularly the status of a patient caused by lateral epicondylitis because the modifi ed scale developed by MacDermit JC 11 is more adequate in comparison with other scales used by other researchers: Disabilities of the arm, shoulder and hand (DASH) and Roles and Maudsley's scale for nonspecifi c evaluation of the functional activity.
The mechanisms of the effect of extracorporeal shock wave therapy have not yet been fully clarifi ed. Experimental studies on the Achilles tendon of rabbits and rats demonstrated that it induces neovascularisation with early release of angiogenesis markers (vascular endothelial growth factor VEGF and the proliferating cell nuclear antigen PCNA) at the site of the tendonal insertion. 9, 20, 21 Low-intensity treatment accelerates the process of healing as TGF-β1 and insulin-like growth factor (IGF-I) play an important role in the stimulation of cell proliferation and tissue regeneration. 22 More recent studies reported that shock wave therapy provoked enzyme and non-enzyme intermediated synthesis of nitrogen oxide, which may well account for the method's effi ciency in the treatment of different tendinopathies. 9, 23 The analgesic effect of the therapy is explained by the hyper-stimulation induced by the shock waves with activation of the afferent fi bres of a smaller diameter. They transfer the stimulus to the cells of the gray substance zone near the aqueduct which activates the serotoninergic system and the latter modulates the transmission of the pain impulse to the posterior horn of the spinal cord. This raises the pain threshold. In this respect researchers seem to implicate the mechanisms of the gate control theory. 18, 24 The lower levels of calcitonin gene-related peptide (CGRP) in the dorsal roots ganglions in rats may also explain the analgesic effect of the shock wave therapy. 25 It has been associated also with the role of substance P, as it has been demonstrated that the substance is considerably decreased at 6 weeks after administration of shock wave therapy in comparison with controls. 26 In a future study we plan to compare the obtained results with the design of auto-control by including a control group on a placebo treatment as well as to follow-up the dynamics of the therapeutic effect in the course of time.
CONCLUSIONS
We are yet unable to draw any defi nitive conclusions, but on the basis of the preliminary results of the present study demonstrating statistically signifi cant decrease of pain, improvement of function and easier performance of everyday activities at therapy's completion, an effect which increases at 3 months and is sustained up to 6 and 12 months after discontinuation of therapy, we advise that radial shock wave therapy can be used in the management of lateral epicondylitis of more than 6 months' duration if it has been recalcitrant to other conservative therapeutic modalities.
In comparison with focused extracorporeal shock wave therapy, radial shock wave therapy is easier to administer and less expensive; it obviates the need to have instrumental guidance of the energy stream and any preprocedural anesthesia and this allows clinicists to target precisely the area of maximum tenderness on the basis of the patient's feedback. Radial shock wave therapy is better tolerated by patients and has fewer adverse effects.
